Introduction
P. pneumotropica is a non-motile, non-hemolytic, facultative anaerobic, Gram-negative coccobacillus, which colonizes on the mucosa of the nasopharynx, trachea, lungs, vagina, uterus, urinary bladder, intestines, and other organs of laboratory animals [5, 12, 15, 18, [20] [21] [22] . The pathogenicity of this organism in immunocompetent laboratory mice and rats is known to be extremely weak although it was considered strong in the past. However, this organism can occasionally produce clinical disorders in immunodeficient animals [1, 15] .
At present, P. pneumotropica is considered a routine test item of microbiologic monitoring of laboratory mice and rats in Japan, the US and Europe [16, 19] . However, many researchers around the world recognize that there is a serious problem concerning identification of this organism. Disagreements of test results between testing laboratories have sometimes been observed, and the same situation is also found in Japan. To minimize confusion caused by discrepancies in test results, a working group was established. The aim of the working group was to propose a new identification procedure that is both practical and reliable for this organism. Reference strains and the isolates provided by group members were checked using the same testing methods and reagents as the ICLAS Monitoring Center.
Materials and Methods

Reference strains and isolated strains
ATCC35149 (biotype Jawetz) and CNP160 (biotype Heyl) were used as reference strains. Sixty-nine isolates from 34 mice, 25 rats, 7 hamsters, 2 rabbits, and 1 guinea pig, which were identified or suspected as having P. pneumotropica by biochemical characteristics, were collected from 8 laboratories in Japan.
Examinations
Morphological examinations
All strains were plated directly onto 5% horse blood agar plates (Climedia; Sanko Junyaku Co., Tokyo), incubated aerobically at 37°C for 48 h, and examined for colony morphology. Gram-staining (Favor G; Nissui Pharmaceutical Co., Tokyo) was also performed for each isolate.
Immunological and biochemical examinations
The slide agglutination test was performed as an immunological examination using rabbit antisera of a mouse isolate ATCC35149 and a rat isolate MaR that were gifts from NIH Japan. Two commercially available identification kits (ID test HN 20 [17, 20] . Samples(4 µl) containing 60 ng of genomic template DNA were added to 16 µl of PCR mixture containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 2.5 mM dNTP mixture, 0.4 µM sense primer,0.4 µM antisense primer, and 5 units of Taq polymerase (Takara Shuzo Co., Kyoto). Each mixture was placed in a programmable thermal cycler (Gene Amp PCR System Model 9700; PE Biosystems, Calif, U.S.A.). PCR was performed according to Wang's or Nozu's procedure. The PCR amplification products were analyzed by gel electrophoresis in 4% agarose.
16S rDNA sequence analysis Analysis of 16S rDNA sequencing was performed for 35 isolates from 17 mice, 13 rats, 3 hamsters, 1 rabbit, and 1 guinea pig. The five primers used for 16S rDNA sequencing and PCR are listed in Table 1 . The templates were amplified by PCR using primers PAS-1 and PAS-2C. Each PCR product was sequenced by an automated sequencer (310 Genetic Analyzer; Applied Biosystems Japan, Tokyo). The data were analyzed using a software package, DNASIS (Hitachi Software Engineering, Tokyo), and compared with the sequences of P. pneumotropica biotype Jawetz (M75083) and Heyl (AF012090), P. dagmatis (M75051), P. aerogenes (M75048), P. multocida subsp multocida (M35018) and Actinobacillus muris (AF024526) in the Gen Bank database for homology analysis [4, 6, 7, 17] .
CLUSTAL W version 1.6 was used for multiple alignments of the data and the sequence of P. pneumotropica biotype Jawetz (M75083) and Heyl (AF012090), P. dagmatis (M75051) and A. muris (AF024526).
Results
Reference strains
The results for the two reference strains are shown in Table 2 . Both strains showed smooth colonies 3-5 mm in diameter on blood agar. The colony color of biotype Jawetz was grayish-white and that of biotype Heyl was yellow. They were nearly identical morphologically, Gram-negative short rods or coccobacilli. Both of them were positive in the slide agglutination test, and identified as P. pneumotropica by the ID test and API20NE kits. Both strains were detected by the CIEA PCR test. However, biotype Heyl was not detected by Wang's PCR test. The 16S rDNA sequences of biotype Jawetz and Heyl determined in this study were more than 99% identical with those in the Gene Bank database. The 16S rDNA homology between the two biotype strains was under 96%.
Isolates
All 69 isolates showed nearly identical smooth colonies 3-5 mm in diameter on blood agar. Colors were grayish-white or yellow, the same as for the reference strains. Most of them had Gram-negative short rods or coccobacilli, and only three isolates from rat and hamster showed slightly longer shapes.
Thirty-three out of 34 mouse isolates, 11 out of 25 rat isolates, 5 out of 7 hamster isolates, all of 2 rabbit isolates and 1 guinea pig isolate showed agglutination with ATCC35149 antiserum. However, none of the 14 rat isolates agglutinated with ATCC35149 antiserum, but they showed agglutination with MaR antiserum. Sixty-eight of 69 isolates tested with one antiserum were positive by the agglutination test with either antiserum of ATCC35149 and MaR ( Table 2 ). The exception was a mouse isolate.
The ID test identified 61 isolates (30 mouse, 21 rat, 7 hamster, 2 rabbit and 1 guinea pig isolates) as P. pneumotropica, but API20 NE identified only 39 isolates (11 mouse, 18 rat, 7 hamster, 2 rabbit and 1 guinea pig isolates) as P. pneumotropica (Table 3) .
CIEA PCR detected 63 out of 69 isolates and all of 6 isolates which were not detected by CIEA PCR were of rat origin. Wang PCR detected only 27 isolates which consisted of 18 mouse isolates, 7 rat isolates and 2 hamster isolates (Table 3) .
Thirty-four out of 35 isolates (16 mice, 13 rats, 3 hamsters, 1 guinea pig and 1 rabbit) showed over 96% homology with the P. pneumotropica Jawetz or Heyl 16S rDNA sequence on the database. One isolate classified as P. pneumotropica by the agglutination test, API20NE test and CIEA PCR showed 98% homology with Actinobacillus muris ( Table 2) .
The 16S rDNA sequences of 35 isolates, P. pneumotropica biotypes Jawetz and Heyl, P. dagmatis and A. muris could not be classified by cluster analysis of multiple alignments as shown in Fig. 1 .
Discussion
First, we will discuss the cause of the discrepancies in identification of P. pneumotropica in each testing laboratory. This organism has two biotypes, Jawetz and Heyl. The sequence of 16S rDNA of these biotypes showed that they are different species. P. pneumotropica formerly had the Henriksen biotype, which is now classified as a different species, Pasteurella dagmatis [14] . Sixty-nine isolates were divided into 10 groups according to biochemical and PCR tests as shown in Table 2 . This result shows that P. pneumotropica has characteristics too wide for one species. The same conclusion was also drawn from the sequence data of 35 isolates that could not be clearly separated into several clusters (Fig. 1) . The taxonomical position of this organism is obscure. Genus Pasteurella is closely related to genus Actinobacillus as shown in Bergey's Manual 9th edition [9] . It may be very difficult to propose a simple identification procedure using a biochemical test or PCR test for this organism. Second, from the standpoint of practical clinical microbiologists of laboratory animals, we would like to propose an identification procedure by which characters of the two biotypes are met and discrepancies with past identification results are minimized. Positive results for the two biochemical test kits were 61/69 (88%) and 39/69 (57%) in the ID and API 20 NE tests, respectively. The former is a kit for bacteria such as genus Haemophilus and Neisseria, and the latter is a kit for Gram-negative bacteria except enterobacteriaceae. The differences in target bacteria and the nutritional conditions in the two kits may cause the different results. The CIEA PCR test showed a wider detection range than the Wang PCR test, and the results for P. pneumotropica identification were basically similar to those of the ID test.
From these results, we recommend the following identification procedure for P. pneumotropica: colony observation on 5% horse blood agar plates, Gram-staining, the slide agglutination test with ATCC35149 antiserum for mouse, guinea pig, rabbit, and hamster isolates, and with MaR antiserum for rat isolates and a biochemical test using the ID test (Table 4) . With this protocol 60 out of 69 isolates were identified as P. pneumotropica. However, one strain in 9 isolates not identified as P. pneumotropica showed 99% homology with the 16S rDNA sequence of biotype Jawetz.
There is no standardized identification procedure of P. pneumotropica in microbiological monitoring of laboratory animals in the U.S and Europe. Furthermore, the Federation of European Laboratory Animal Science Associations (FELASA) working group described that commercial identification kits do not identify P. pneumotropica properly [16] . Therefore, we think that our identification procedure of P. pneumotropica is useful for standardization between testing laboratories. P. pneumotropica is considered an opportunistic pathogen in immunocompetent mice and it is recognized only as a factor worsening symptoms by co-infection with other murine pathogens, such as Sendai virus and Mycoplasma pulmonis [10] . The ICLAS Monitoring Center checked a total of 17,201 laboratory mice and rats in 2002, and found 508 mice contaminated with P. pneumotropica. A gross abnormality, a lung abscess, was found in only one of these contaminated animals and P. pneumotropica was isolated from the lung lesion. These results support the above discussion concerning the pathogenicity of P. pneumotropica. However, it was reported that P. pneumotropica caused orbital abscesses in immunodeficient mice [1, 13] , dual infection with the organism and Pneumocystis carinii caused severe symptoms in B cell deficient mice [11] , and that mice with non-functional Toll-like receptor 4, such as C3H/HeJ and C57BL10/ScN, are susceptible to P. pneumotropica [2, 3, 8] . These results suggest that P. pneumotropica should be eliminated from immunodeficient mice and rats as well as mutant mice with non-functional Tolllike receptor 4.
The ICLAS Monitoring Center has proposed the following categorization of murine pathogens. Category A: Zoonotic and human pathogens carried by mice and/ or rats. Category B: Fatal pathogens of mice and/or rats which can cause symptomatic disease and occasional deaths. Category C: Potential pathogens of mice and/or rats which usually cause asymptomatic infections accompanied by alterations of physiological functions. Category D: Opportunistic pathogens. Category E: Microbes as indicators of hygienic status of rearing environments. The ICLAS Monitoring Center has classified P. pneumotropica as category C in the categorization of murine pathogens. Based on its pathogenicity and the nature of the species with a wide diversity of characteristics, we propose changing the category of P. pneumotropica from C to D, so that the organism is eliminated from routine test items for microbiologic monitoring of immunocompetent mice and rats. 
